v" The intrasellar pressure has been studied in a consecutive series of 24 patients undergoing transsphenoidal surgery for pituitary adenoma. The mean intrasellar pressure for the group was 23 _+ 2.5 mm Hg (_+ standard error of the mean), with a mean pulse pressure of 3.5 -+ 1 mm Hg. The waveform partly resembled the arterial configuration. The results are correlated with the radiological and endocrinological features of the tumors. A hypothesis is proposed to explain the mechanism of hyperprolactinemia associated with the pituitary stalk compression syndrome.
T
HE normal anterior pituitary gland receives its blood supply from two portal systems and has no direct arterial supply. 4 Therefore, the perfusion of this part of the gland depends upon the difference between the portal venous input pressure and the local tissue pressure. This perfusion pressure is likely to be considerably lower than that of tissues with a direct arterial supply; consequently, the blood flow to the anterior pituitary gland may be readily influenced by any pathological changes within the pituitary fossa which increase the tissue pressure. The portal vascular supply to the pituitary is crucial to the higher control of the endocrine system as a whole, and we have sought to relate changes in anterior pituitary function to its perfusion pressure. The measurement of portal venous pressure is extremely difficult, especially in man. This is the first reported study in which anterior pituitary tissue pressure (intrasellar pressure) was measured during transsphenoidal surgery.
The results of this study have raised several questions. Do pituitary tumors influence intrasellar pressure? Does the intrasellar waveform suggest that pituitary adenomas receive a direct arterial input in addition to the portal supply? In nonsecretory adenomas, the presence of moderate hyperprolactinemia is attributed to pituitary stalk compression;14 in fact, is it due to impairment of the portal blood supply to the anterior pituitary caused by raised intrasellar pressure? Are the radiological features a guide to intrasellar pressure and perfusion?
Clinical Material and Methods

Patient Population
This study included 24 consecutive patients undergoing transsphenoidal surgery for pituitary adenoma. There were 14 men and 10 women with a mean age of 48 years (range 21 to 72 years) at the time of operation. Ten patients presented with visual deterioration and the remainder with the symptoms of an endocrinologically active tumor, as delineated by preoperative endocrine studies (Table 1) . Subsequently, all patients were shown histologically to have a pituitary adenoma. True prolactinomas were defined by the classification of Lawton, et al.: 9 that is, the patient's serum prolactin level was greater than 1650 mU/liter in association with high levels of prolactin secretion by fragments of pituitary adenoma in tissue culture. Two tumors secreted both prolactin and growth hormone and seven secreted growth hormone alone. Eight tumors were "functionless" in tissue culture. Four patients (Cases 3, 8, 17, and 19) were being treated with bromocriptine at the time of operation and were identified separately because of the drug's ability to reduce the size of some tumors. TM No patient in this series presented with diabetes insipidus.
Plain skull radiographs and scans from a dedicated pituitary computerized tomography unit were classified according to the criteria of Bigos, et al. 3 In 13 patients, the adenoma was wholly intrasellar and two of these (Cases 20 and 22) had a partially empty sella. In 11 * Abbreviations: MISP = mean intrasellar pituitary tissue pressure: ISPP = intrasellar pulse pressure; ACTH = adrenocorticotrophic hormone; GH = growth hormone; PRL = prolactin; BC = bromocriptine; SEM = standard error of the mean.
t Normal prolactin (PRL) levels: males < 220 mU/liter; females < 360 mU/liter. Values in parentheses indicate PRL levels prior to bromocriptine administration; ? = unknown.
Plain skull radiographs and computerized tomography scans were classified according to the criteria of Bigos, et al. 3 and the presence or absence of suprasellar extension was noted.
patients, there was suprasellar extension of the tumor. The pituitary fossa was radiologically normal in only one patient (Case 24, Table 1 ).
Operative Technique
Transsphenoidal exploration was carried out under general anesthesia with normotension and normocapnia. Both nostrils were packed with cocaine-soaked ribbon gauze and the gingival mucosa was infiltrated with 1% Xylocaine (lidocaine) in 1:200,000 adrenaline. The floor of the pituitary fossa was exposed through a sublabial gingival incision via the transnasal submucosal approach under image-intensifier control and using the operating microscope. On entering the sphenoid air sinus, a 1-mm diameter window was made in the anterior bone wall of the sella turcica using a highspeed drill. It is standard practice to insert a needle into the fossa to ensure that there is no midline arterial abnormality, and this routine was slightly modified for the study by the addition of pressure monitoring. A No. 22 lumbar puncture needle was connected via a rigid polyethylene tube to a pressure transducer;* the system was then primed with saline and adjusted to a zero reading at the level of the pituitary gland. Under radiographic screening, the needle was inserted into the substance of the anterior pituitary and the intrasellar pressure was recorded continuously (Fig. 1) . If no pulsation was noted on insertion of the needle, 0.05 ml of saline was injected via a three-way tap and the pressure was again recorded.
A Valsalva maneuver is frequently used to encourage descent of the suprasellar extension of a pituitary adenoma intraoperatively, and the effect of such a maneuver upon intrasellar pressure was recorded. Mean intrasellar pressure was defined as the diastolic intrasellar pressure plus one-third of the intrasellar pulse pressure (systolic -diastolic pressure).
Results
The mean intrasellar pressure (_+ standard error of the mean) for the series was 23 _+ 2.5 mm Hg (range 2 to 51 mm Hg). The mean intrasellar pulse pressure was 3.5 + 1 mm Hg (range 0 to 12 mm Hg) and had a pattern resembling the arterial waveform (Fig. 1) . In eight patients, no satisfactory pulsation was observed, despite injection of 0.05 ml saline. The mean entry pressure after equilibration for this group was 17 _+ 4 mm Hg (range 2 to 30 mm Hg).
A pulsatile pressure was recorded from tumors with a soft or necrotic consistency. When the needle was inserted into the firm part of a tumor, it was unlikely to record a pulsatile pressure. The mean intrasellar pressure in patients with a suprasellar extension of the tumor was 27 _+ 4 mm Hg if the patient receiving bromocriptine (Case 8) was included (Table 1) , or 29 _+ 4 mm Hg if this patient was excluded from analysis. This compared with a mean intrasellar pressure of 20 _+ 3 mm Hg in patients with wholly intrasellar tumors if the three patients receiving bromocriptine are included, or 22 _+ 3 mm Hg if these three patients are excluded from analysis. In patients with wholly intrasellar tumors, it was not always possible to ensure that the pressure was being recorded from the adenoma rather than from the normal pituitary, as the needle had to be inserted prior to opening the dura. Identification of the location of the adenoma in these cases was based on the shape of the sellar floor and the radiological findings.
A Valsalva maneuver had a significant effect upon intrasellar pressure in only one patient who had a partially empty sella and showed a rise from 7 to 14 mm Hg. This may have been a reflection of changes in intracranial pressure as a result of an "incompetent" diaphragma sellae.
When the preoperative prolactin level is compared to the intraoperative intrasellar pressure (Table 2) , only one patient with the "stalk compression" syndrome had an intrasellar pressure less than 25 mm Hg and his prolactin level (317 mU/liter) was the least raised of the group. However, an intrasellar pressure of 20 to 33 mm Hg did not always result in a raised prolactin level, at least on the single occasion when measured preoperatively (Cases 20 to 23). There are too few patients to draw any conclusions about the relative incidence of hypopituitarism in the three groups of patients defined by their prolactin level ( Table 2 ).
Discussion
The pressure-flow characteristics of the pituitary portal vasculature are poorly understood despite the crucial role of this system in the hypothalamic control of the anterior pituitary gland. There is no direct arterial supply to the anterior pituitary, 4 and its perfusion depends upon the balance between the portal venous input pressure and the local tissue pressure (intrasellar pressure). The structure of the long portal vessels is similar to that of peripheral veins; 4'15 thus, normal portal venous pressure is unlikely to greatly exceed systemic venous pressure. Hence, the perfusion pressure of the anterior pituitary must be considerably lower than that of arterially supplied tissue and may be seriously compromised by a relatively small rise in intrasellar pressure. Indeed, Antunes, et al., ~ demonstrated that complete arrest of long portal blood flow could be achieved in the Rhesus monkey by a Valsalva maneuver with a positive airway pressure of only 30 cm H20 (22 mm Hg).
The walls of the pituitary fossa are relatively rigid and, under normal circumstances, may serve to protect the pituitary gland from surrounding pressure fluctuations. The growth of a tumor within such an enclosed and inelastic space is likely to cause an increase in intrasellar pressure. Normal intrasellar pressure is unknown, but it is unlikely to exceed normal intracranial pressure (that is, < I0 mm Hg). This study has shown that, in a series of patients with pituitary tumors, the mean intrasellar pressure was 25 mm Hg, the highest being 51 mm Hg. These values are substantially higher than both the normal systemic venous and intracranial pressures, and it is most unlikely that they could be overcome by normal portal venous pressure. This would effectively obstruct the long portal veins, denying the anterior pituitary its normal hypothalamic control. In the case of prolactin secretion, such control is, of course, largely inhibitory and mediated via dopamine; hence portal venous obstruction may lead to hyperprolactinemia as a release phenomenon. This is a possible explanation for the hyperprolactinemia seen in "functionless" tumors of the pituitary and ascribed to "stalk compression. ' '7,8,12,14 Certainly, only true pituitary adenomas secrete an excess of prolactin in vitro and the hyperprolactinemia seen with other tumors in this region is due to loss of normal physiological inhibitory control. 9 Anterior pituitary function may recover in some patients after removal of a nonfunctioning pituitary macroadenoma. 2 Unfortunately, the preoperative endocrine assessment of these patients was not always sufficiently detailed to relate our findings to other sectors of anterior pituitary function, but this relationship is the subject of an ongoing study.
In this series, the stalk compression syndrome was seen in nine patients in whom the mean intrasellar pressure was 28 mm Hg. None of the nine patients had what we would regard as normal intrasellar pressure (that is, < 10 mm Hg). In only one such patient was the pressure below 25 mm Hg, and his preoperative serum prolactin level was only slightly raised (317 mU/ liter). Apart from this patient, hyperprolactinemia was not seen in this small series if the intrasellar pressure was below 25 mm Hg, unless the tumor was a true prolactinoma. However, an intrasellar pressure above 10 mm Hg did not always produce hyperprolactinemia (see Table 2 , Cases 21 to 23). Whether functional testing of prolactin secretion would show any abnormality in these patients remains to be examined.
Acute section of the long portal vessels produces extensive infarction of the anterior pituitary in man, 4 and one might reasonably expect portal venous obstruction to do likewise. However, major infarction of the anterior pituitary (pituitary apoplexy) is not common in patients with pituitary tumors (0.6%), ~3 and was not seen in any patient in this series, even those with the stalk compression syndrome or high intrasellar pressure. Many intrasellar pressure values in this study were so high that anterior pituitary perfusion could be maintained only by an arterial blood supply. There is both experimental 6'1~ and radiologicaP 6 evidence in the literature to show that such arteriogenesis may occur in cases of pituitary tumor, with new vessels arising from the inferior hypophysial arteries. This could explain how anterior pituitary viability may be maintained in the presence of long portal vessel obstruction.
The intrasellar pressure was pulsatile in 16 cases (67%) in this series and the pulsation was in synchrony with, and partly resembled, the arterial pressure wave. More detailed frequency analysis of the two waveforms is in progress. The mean pulse pressure for the group was 3.5 mm Hg, which includes three values of 10 mm Hg and above. Such pulse pressures are high for a venous input and are more compatible with an arterial source. Tissue pulsation is a well-recognized cause of bone erosion and provides one explanation for both the focal and generalized sellar erosion commonly seen with tumors of the pituitary gland.
Another paradox which may be explained by a changing tumor blood supply lies in the sensitivity of pituitary prolactinomas to dopamine and its agonists. There is indirect evidence to suggest that, with these tumors, endogenous hypothalamic dopamine secretion is normal or even maximally stimulated. ~7 There is also ample evidence to show that these tumors are inhibited by dopamine in vitro 5,m and by dopamine agonists in vivo.~8 Why then are such adenomas unaffected by their own endogenous hypothalamic dopamine? A direct systemic arterial blood supply to such a tumor will free it from hypothalamic inhibition but render it susceptible to systemically administered dopamine agonists.
